Before the
Federal Communications Commission
Washington, D.C. 20554

In the Matter of

Federal-State Joint Board on

Universal Service CC Docket No. 96-45

Comments of the

Regulatory Commission of Alaska

Date: October 15, 2004 @Agﬁt&% @/&
Kate Giard, Chairn@w




Before the
Federal Communications Commission
Washington, D.C. 20554

In the Matter of

Federal-State Joint Board on

Universal Service CC Docket No. 96-45

N N N N s

Comments of the
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The Regulatory Commission of Alaska (RCA) appreciates an
opportunity to respond to the Public Notice (FCC 04J-2) of the Federal-State
Joint Board on Universal Service seeking comment on how best to provide
universal service support in rural areas.

Summary

Methods for preserving and promoting universal service should
recognize the critical needs of rural states such as Alaska where provision of
service is difficult and costly. In the most rural areas of the nation served by
small companies, an embedded cost approach for determining universal
service support is superior to using a forward looking model or other cost
surrogate.

While line density is a factor relevant to predicting where high

costs may occur in other areas of the nation, it is not necessarily indicative of

Comments of the Regulatory Commission Page 1 of 23
of Alaska

October 15, 2004 CC Docket No. 96-45 |



high costs in Alaska. Alaska’s high costs are the result of:

a) Difficult construction conditions, including mountainous terrain, and
the presence of thermally sensitive permafrost soils, which mandate more
expensive construction techniques;

b) Harsh northern region climate resulting in shorter construction
seasons;

c¢) Lack of a road system to most of the state’s locations and heavy
reliance on airplane and sea barge to transport equipment and access the
majority of rural, remote communities in Alaska;
| d) Seasonal limitations placed on surface transportation;

e) Limited scale economies (e.g., service to exchanges of under 200
lines); and

f) High labor costs.

Because the existing FCC Synthesis model has never been adapted to
recognize these Alaskan conditions, it should not be used to determine high
cost support for small, rural Alaskan companies.

Further review is needed before the Joint Board should
consider merging the loop and switching universal service mechanisms.

Combining the two mechanisms is likely not appropriate.
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The Joint Board should reject proposals that would treat
companies under a common parent as one company for purposes of
determining high cost support. The Joint Board should reject proposals that
would determine support based on statewide average costs. Developing
rural carrier support based on study area costs remains the best option.
Adopting an average exchange size limit would improve the definition of
“Rural Telephone Company”, but otherwise the definition has worked weli

and should be retained.

1. The Joint Board Should Continue the Current Rural Telephone
Company Definition, But Should Add an Average Exchange Size Limit
for Companies that Qualify as Rural Under Section 153(37) (C) of the
Act.

The Joint Board sought comment on whether the term “Rural
Telephone Company” should continue to be defined based on the standard
set in the Communications Act:’

The term “rural telephone company” means a local exchange carrier
operating entity to the extent that such entity —

(A) provides common carrier service to any local exchange carrier
study area that does not include either —

(i) any incorporated place of 10,000 inhabitants or more, or any
part thereof, based on the most recently available population

'47 U.S.C. 153(37).
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statistics of the Bureau of the Census; or

(ii) any territory, incorporated or unincorporated, included in an
urbanized area, as defined by the Bureau of the Census as of
August 10, 1993;

(B) provides telephone exchange service, including exchange access,
to fewer than 50,000 access lines;

(C) provides telephone exchange service to any local exchange
carrier study area with fewer than 100,000 access lines; or

(D) has less than 15 percent of its access lines in communities of
more than 50,000 on February 8, 1996.

We believe the above definition has worked well to identify those companies
in Alaska that are both rural in nature and serve remotely located, sparsely
populated areas with limited economies of scale and scope. We believe
that the above definition is reasonable and should be retained with only minor
amendment.

We question whether study areas approaching 100,000 access
lines should be considered rural, as is provided for under 47 U.S.C.
153(37)(C). As the Public Notice points out, approximately 40 companies
serving more than 100,000 access lines, including one company that services
over 2 million access lines, qualify for rural under provision (C) listed above.
Further, under this definition a single exchange study area of slightly under
100,000 access lines would qualify for rural status. Companies with such

large numbers of access lines might not fit the true characteristics of a rural
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area. We recommend that provision (C) above setting a 100,000 study area
size limit be continued, but qualified to include that the average exchange
size must also be below a set limit (e.g., 10,000 lines per exchange).

The Joint Board also asked whether areas separate from, but
adjacent to urbanized areas should be excluded from the definition of rural.
While we agree that in general, a company that only serves areas adjacent to
urbanized areas should be treated as non-rural, we believe it is impractical to
readily apply a “near urban area” exclusion. For example, in Alaska, those
companies that serve exchanges that are near urbanized areas also tend to
serve a variety of remote rural villages. Perhaps the best example of this is
ACS of the Northland, Inc. which serves North Pole (a community a short
distance from Fairbanks, Alaska’s second largest city), as well as
approximately 56 remote, rural villages of under 1000 lines. [t would likely be
impractical to try to develop universal service support for North Pole (as an
“urban” area) separately from all of the other ACS of the Northland, Inc.
“rural” exchanges. We also believe that it will be extremely difficult, without
local knowledge, to determine which areas are sufficiently adjacent to
urbanized areas to know whether they warrant non-rural status.

We request that the definition adopted recognize all areas of

Alaska, outside of Anchorage, are rural in nature. Any definition of rural
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should include companies that predominantly serve remotely located, insular
areas with small exchanges, such as occurs in Alaska.? We also support a
transition mechanism for companies that may change from rural to non-rural

status.

2. Most rural Alaskan companies should remain on an embedded cost
system for determining federal universal service support. A forward

looking cost model would not accurately predicts high cost support in
many rural Alaska areas.

The Joint Board is considering whether to provide universal
service support to rural carriers based on a forward looking economic cost
model as opposed to the current system where support is based on
embedded costs. The RCA believes that it will be extremely difficult to make
a forward looking model yield accurate cost estimates for rural Alaska given
the unusual circumstances faced in our state. To illustrate the complexity of
the problem of attempting to apply a model to remote, rural areas of Alaska,

the RCA has identified some of the factors that affect Alaskan costs.

2 We include Alaska as an insular area as many rural Alaska areas are isolated by wide areas
of land mass, and like Micronesia and other island areas, can only be assessable by air or
water.
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Small Exchanges and Economies of Scale

Much of Alaska is typified by isolated, remote villages with low
population. About 40 percent of all exchanges in Alaska serve under 100
access lines and 83 percent of the exchanges operate under 1000 access

lines:

Alaska Number of Percent
Access Lines Exchanges of Total
50,000 or more 1 0.4%
5,000 to 49,999 12 4.9%
1,000 to 4,999 28 11.5%
500 to 999 7 2.9%
250 to 499 22 9.0%
100 to 249 73 29.9%
50 to 99 52 21.3%
Under 50 49 20.1%
Total: 244 100.0%

The low economies of scale associated with providing service to such small
exchanges in and of itself makes it difficult to provide service at a low cost.
Further, the cost patterns for an efficient small company will always be
different from the cost patterns for an efficient large company. For example,
price discounts are often available to the large company capable of buying in
bulk and able to rely on its “buying power” to negotiate a good deal. In
contrast, Alaska'’s Circle Utilities, with its roughly 40 access lines, will not

generally be able to obtain the same discounts as a Bell Operating Company.
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As another example, small companies may have to contract for specialized
services (e.g., engineering) where large companies have the scale to make it
economical to provide such services in-house at reduced cost.

Because the FCC’s Synthesis Model was developed primarily to
estimate the costs of large, non-rural companies, the RCA does not believe
that the Synthesis model would fairly represent the costs of Alaska’'s small,
remote rural exchanges. Further, given the variety of circumstances which ‘
may affect costs of small company’s (e.g., regional construction, professional
consultant, and labor costs; variations in economies and of scale and scope),
it will likely be difficult for any model to accurately predict small rural carrier

costs.

Accessibility

The historical cost models considered by the Commission for

determining high cost support have, for the most part, assumed that the utility
has ready access to its customers and its equipment. In Alaska, such is not
the case. While Alaska is comparable in size to Texas, California, Oregon,
and Washington combined, Alaska has about the same number of miles of

road as Vermont.®* Appendix B provides a list of those locations where

% Alaska has a total land area of 570,000 square miles, but has only 14,600 miles of road.
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access is not available by either car or train.

In Alaska, the lack of surface transportation makes aviation the
prime mode of transportation in rural areas.* Construction and maintenance
increase when virtually every piece of plant and all work equipment must
either be flown in or, if delay is not a problem, delivered by seasonal barge
(for those places with water access). A major work project at a remote
Alaska village can require work crews to be flown in over one hundred miles,’
which further increases labor costs due to the increased travel time and the
expense of air fare. The logistics necessary to organize and provide service
and work crews under these conditions adds to the cost of service. In
general, it would not be equitable to treat Alaskan carriers under a model that
failed to recognize the increased costs associated with a lack of ready

transportation in remote, isolated, rural service areas.

Vermont has 9,600 square miles of land area and 14,300 miles of road. U.S. Department of
Commerce, Statistical Abstract of the United States, as of December 31, 2001, pages 225
and 691 (2002).

* See Appendix B at p. 23 and 164.

® Due to the size and sparse population of the state, it is not uncommon for a utility to base its
operation from a regional hub that is far from the individual rural locations served by the utility.
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Maijor Acts of Nature

Construction and maintenance costs increase in areas prone to
major acts of nature such as earthquakes and floods, both of which are
common in Alaska.® We believe that embedded costs may provide a more
accurate means of determining cost increases resulting from acts of nature

than a model.

Climate

Costs in Alaska are often affected by several climatic factors
including a) the duration of the winter as it affects and limits construction and
maintenance;’ b) snow effects (e.g., snow cover, drifts, and loading);® c¢)
wind load;® d) absolute minimum temperatures (e.g., extreme cold can lead
to brittleness of many materials); e) “chill temperature” as it affects work
crews in the field; f) freeze-thaw cycles in the presence of moisture (e.g., frost
heaves, pole jacking’; g) mean storm tracks and storm frequency; h)

permafrost, discontinuous permafrost, and other matters. The RCA has no

® See Appendix B at p. 64, 102.
For example, there are some locations in Alaska where excavating and earthwork is
limited to July and August. See Appendix B at page 164.
® Evaluation of snow loading is a standard design criteria in Alaska. See
Environmental Atlas of Alaska, University of Alaska, Charles W. Hartman, Philip R. Johnson,
at Plate 37 (1984).
“Arctic coastal wind speeds of 30 to 50 knots are common during winter months.
Usually damage will not occur if buildings are designed for strong winds.” Appendix B at p. 19.
' This is a condition where objects such as telephone poles are jacked out of the
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means to quantify the above factors so that they may be implemented in a
cost model; however, ignoring these factors when attempting to estimate
costs for many remote rural Alaskan locations could lead to inaccurate model
results.

Developing a factor to accurately predict the costs associated
with constructing in areas underlain by permafrost is complex. The costs for
utility structures founded in permafrost will depend upon the soil types
underlying the construction site, the depth of the permafrost, the presence or
absence of different types of frost features (e.g., ice wedges, frost mounds),
and a variety of other factors." A permafrost cost factor will not be a simple

calculation based on whether or not the area contains permafrost.

Regional Differences

If a cost model is adopted for rural areas, it should not assume
that the same construction practices apply nationwide. What works in
Florida may not be practical in Alaska and vice-versa. [n addition, most
areés of Alaska have limited hours of sunlight and civil twilight during the fall
and winter seasons. Decreased daylight makes all construction and

maintenance tasks more difficult. Many rural areas of the nation may have

ground due to the presence of fine grained soils and strong annual freeze/thaw cycles.
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other regional peculiarities that effect costs.

Given the above factors, we believe it would be difficult to
develop a model that reasonably predicted costs for many remote, rural
Alaskan companies. Given the limited number of Alaskan companies, any
benefits of adapting the model to accommodate unique Alaskan conditions
could well be outweighed by the cost of model adaptation and the risk of
error. We recommend that as a general rule, Alaskan rural companies
remain on some form of embedded cost system rather than moving to a
forward looking economic cost system. We believe that this would provide
the best likelihood that companies will continue to obtain sufficient support as
required under Section 254(b)(5) of the Act. We believe that other states
may well experience similar problems with applying cost models to predict
small rural company costs.

3. Using a model to determine high cost support in rural areas could
also lead to inappropriate incentives.

No model is perfect and the resulting errors will lead to an over
or under estimate of the costs of serving an area. Large companies can
average out these errors across their entire operations, an option not

available to the smaller companies. For the smaller companies, if the model

"See Cold Region Structural Engineering, E. Eranti and G.C. Lee, McGraw-Hill Book
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support is too low, the LEC will experience incentives to delay or avoid
needed infrastructure changes. Local rates may increase and maintenance
and quality of service may be reduced. If support is too high, then the fund
will be unnecessarily burdened and funding might not be uéed for its intended
purpose. We conclude that any errors in the model that may occur when
applied to small, rural areas, could lead to inappropriate company incentives.

Smaller utilities also have fewer resources, making it more
difficult for them to adapt if the model fails to accommodate their cost
patterns. Small utilities also have fewer resources to determine and present
to the FCC how a model should be adjusted to accurately represent their
costs. Further, whatever smalil company data is available may be “drowned
out” by that for the larger carriers, unless special care is taken.

In September 2000, the Rural Task Force recommended
continued use of embedded costs for determining rural high cost support in
light of the substantial diversity between rural and non-rural carriers. We
believe that the Rural Task Force’s conclusion remains valid and consistent
with the requirements of the Act. The Joint Board and the FCC should
continue to recognize the unique difficulties in providing universal service to

rural study areas by continuing to base support on embedded costs. If the

Company, at p. 186 — 341 (1986).
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FCC determines that a cost model should be used to determine high cost
support for some rural companies, then we request that the model only apply
to the largest rural utilities.

4, The Rural and Non-Rural Mechanisms Should Not be Reconciled by
Combining Them Under One Cost Model.

As previously indicated, we believe it would be inappropriate to
determine rural company high cost support with a cost model. ltis
inappropriate to “reconcile” the rural and urban support mechanisms by
applying to small, rural companies a cost model designed for large, urban
companies. For years the urban and rural high cost support mechanisms

have existed separately and it is reasonable to continue this separation.

5. Density is not always a good indicator of a company’s costs.

In the Public Notice, the Joint Board asks whether proxy data
such as line counts, line density, or others measures could be used for
developing cost of service and need for universal service support. While
density is an important factor affecting costs, it is not always indicative of
where high costs will occur and should not be used as the sole means for
determining support levels. For example, many of Alaska’s rural areas are

typified by remote and isolated villages where the villagers live fairly close

Comments of the Regulatory Commission Page 14 of 23
of Alaska
October 15, 2004 CC Docket No. 96-45



together. As a result, household density at the village might be (relatively)
high, loop lengths short, and the central office nearby. If only subscriber
density per village or wire center were considered, many areas of Alaska
could be perceived to be low cost areas when the opposite is true.

A density-based method for determining support may also be
difficult to administer, and would depend upon the area chosen for the
measure. For example, would density be measured by service area, wire
center, city block, census block group, or by some other criterion? It may be
impossible to come up with a fair means to measure density.

6. Local Switching and Loop Support Mechanisms Should Not Be
Combined Absent a Fully Explained Proposal and Analysis of the

Effects.

One of the options under review by the Joint Board is whether,
under an embedded costs system, the loop and switching support
mechanisms should be combined in some manner. These two programs
were designed to address different problems and should remain discrete.
Combining these funds should not occur absent details on how the
combination would occur, and how the proposal would affect small rural

company rates.
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7. The Joint Board Should Not Combine Costs at the Holding Company
Level for Purposes of Determining Universal Service Support.

The RCA opposes the idea that separate legal entities under a
common holding company should receive high-cost support as if they were
one company based on the average holding company costs. This approach
would artificially reduce levels of support as support would not be based on a
utility’s own costs, but on the unrelated costs and characteristics of an affiliate
that may be based several hundred miles away. For example, ACS of
Anchorage, Inc. (ACS-AN) and ACS of the Northland, Inc. (ACS-N) are two
separate legal entities under the same holding company, yet each have
substantially different characteristics and service areas. ACS-AN primarily
serves Anchorage, Alaska’s largest and only urban service area. ACS-AN
serves over 140,000 access lines, has road access to virtually all of its
customers, and faces local competition. In comparison, ACS-N serves
primarily remote, small, rural villages, most of which are over a hundred miles
away from Anchorage. ACS-N'’s average exchange size is under 1000, with
70% of all of its exchanges under 200 lines. Over 80% of the ACS-N
exchanges do not have road access and there is little to no local competition
in ACS-N's service area. There is very little similarity between ACS-AN and
ACS-N and we believe it would be unreasonable to combine these two

companies for purposes of determining universal service support. Such a
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policy would only serve to arbitrarily reduce and unjustly eliminate high cost
support to ACS-N. ACS-N indicates that developing support on a holding
company level would require it to raise its rates by 200%.

Developing support based on holding company costs would
also lead to anticompetitive effects. As indicated above, ACS companies in
Alaska serve both areas where there is local exchange competition and areas
where there is little to no competition. Using holding company average costs
would mean that ACS company support would be reduced or eliminated while
ACS would still be required to serve remote rural study areas of the state. In
contrast, ACS’ main competitor, GCI, would receive the same level of support
as ACS, but would have no obligation to serve the remote rural study areas.
This would be anticompetitive, illustrating the fundamental flaw produced by
providing support based on holding company costs. Given the potentially
large size of holding company areas, there may be no equitable way to
provide support to an incumbent based on holding company costs when the
competitor receives the same level of support but may serve a much smaller
area with fewer high cost lines. Trying to determine holding company costs
would also lead to another layer of administration and unnecessary
calculation that would increase operating and regulatory costs.

In summary, we believe that a proposal to develop rural support
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based on holding company average costs would arbitrarily reduce levels of
support to rural areas, leading to higher local rates in rural Alaska, increased
incentives for the holding company to sell off rural properties, and reduced
incentives to build and maintain infrastructure. This would contradict the
goals of preserving universal service, promoting competitive neutrality, and
ensuring fund sufficiency and predictability. Rural study area carriers and
consumers would be penalized simply because of their affiliation with a larger
holding company.

8. The Joint Board should not force consolidation of study areas held
by the same company in a state.

For the reasons explained in the previous section, the Joint
Board should also not adopt any proposal that would force merger of study

areas held by the same holding company within a state.

9. Support Should Not be Calculated Using Statewide Averages.

We believe that calculating rural support based on statewide
average cost is contrary to the concept that support be sufficient. It is
unreasonable and contrary to the goal that universal service support shouid
be targetted to those areas where support is most needed This would be

especially harmful to Alaska, with essentially, only one large city (Anchorage),
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which would likely end up paying for the loss in support for all other rural
areas across the state under a statewide average approach. This would
unfairly proportion to Anchorage customers the responsibility for universal
service, even though consumers nationwide benefit by the ability to contact
all areas of Alaska.

Calculating support based on statewide average costs could
lead to a situation where Alaska would receive little to no federal universal
service support even though it is unquestionable that Alaska rural areas
experience extremely high costs of service. This is counter intuitive and
contrary to the intent of the Act.

Lost federal support would need to be recovered either through
material increases in local rates, a result contrary to the goal of universal
service, or though material increases in the Alaska Universal Service Fund. It
is unreasonable for the Alaska Universal Service Fund to be given the sole
burden of ensuring nationwide access to Alaska’s high cost rural exchanges.
Alaska would also be unduly impacted compared to other states given its low
population base and limited ability to absorb large decreases in federal

support.
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10. The Commission Should Continue to Calculate Rural Support
Based on Study Area Costs.

Developing rural support based on study area costs remains the
best available option. As indicated above, we believe that determining costs
based on a higher level of aggregation (e.g., by holding company average or
statewide average) is unreasonable and will produce negative consequences.
We also believe that determining costs on a lower level of aggregation (e.g,
by wire center) has not been shown to be necessary and would require such
a granular analysis as to materially increase rural carriers’ administrative

costs.

11. High transport costs.

The Joint Board asks whether carriers experiencing high
transport costs should receive high cost support. If the Commission
determines that high transport costs should be supported, then it should also
take into account the unique structure in Alaska whereby the transport and
the local switching and loop services are provided by separate companies.
Alaska should not be denied transport support because of the historical

manner in which services evolved in Alaska."”

'2 Alaska is not served by a Bell Operating Company nor does Alaska have LATAs. Unlike
the rest of the nation, local carriers in Alaska do not provide transport between exchanges
except in certain urban areas.

Comments of the Regulatory Commission Page 20 of 23
of Alaska
October 15, 2004 CC Docket No. 96-45




12. Growth in the Universal Service Fund Should Not Be Addressed in a
Piecemeal Fashion.

We share the concern that the universal service fund must
remain viable over time and undue growth in the fund compromises that goal.
However, it appears unreasonable for appropriate rural mechanisms to face
the brunt of concern and criticism over excessive fund growth when these
mechanisms are not the primary source of the growth. First, the rural loop
and switching support mechanisms (the focus of the Joint Board's review)

comprise only about half of all high cost programs:

2003
Programs 2003 Percentages
Embedded High-Cost Loop
Support $ 1,079.5 33.0%
Safety Net Additive Support 71 0.2%
High-Cost Model Support 236.8 7.2%
Long-Term Support 502.1 15.3%
Interstate Access Support 619.4 18.9%
Interstate Common Line Support 398.0 12.2%
Local Switching Support 429.8 13.1%
Total High-Cost Support $ 32727

Second, between 1998 and 2003 about 64% of the growth in the high cost
programs was due to the interstate access support and interstate common
line support programs. Both of these programs together increased the fund
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by over $1 Billion. In comparison, for the same period the rural loop and
switching support mechanisms accounted for only about 19% of the growth in
the high cost programs. The rural high cost fund should not be singled out
as the primary source of fund growth.
Conclusion

We recommend that rural support continue to be provided
under an embedded mechanism and based on study area costs. The loop
and switching support mechanisms should not be merged absent further
review and a full understanding of the effects on rural companies. The
definition of Rural Telephone Company should be preserved, but with an

added condition related to average exchange size.
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RESPECTFULLY SUBMITTED this 15" day of October, 2004.

Regula
701 W. 8" Ave.,
Anchorage, Alaska 99501-3469
907-276-6222
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Appendix A

Alaskan Exchange Sizes and Accessibility



Exchanges

Access Local Reachable
Location Lines Utility by Train or Car
1]Anchorage 144,971 |ACS-AN Yes
2|Fairbanks/Globe/ 36,462 |ACS-AF Yes
Gilmore
3|Juneau/ Lena 18,012 |JACS-AK
Point
4|Wasilla 17,809 |MTA Yes
5|Palmer 12,498 [MTA Yes
6|Eagle River 11,986 [MTA Yes
7|Ketchikan 11,358 |Ketchikan
8|Soldotna 10,485 |[ACS-N Yes
9|North Pole 10,137 |ACS-N Yes
10|Kodiak 8,320 |ACS-N
11|Kenai 7,375 |ACS-N Yes
12|Homer 6,589 JACS-N Yes
13|Sitka/Mt. 5,903 |ACS-N
Edgecumbe
14|Sterling 4,918 |ACS-AK
15|Bethel 4,124 JUUI
16|Seward 3,723 |ITC Yes
17|Barrow 3,693 |ASTAC
18|Valdez 3,644 |CVTC Yes
19|Chugiak 3,399 |MTA Yes
20|Nome 3,398 |Mukluk
21|Ft. Wainwright 3,187 |ACS-AK Yes
22|Petersburg 2,793 |ATC
23|Big Lake 2,557 |MTA Yes
24|Unalaska/Dutch 2,343 ITC
Harbor
25|Dillingham/ 2,292 |Nushagak
Aleknagik
26|Eielson 2,278 JACS-AK Yes
27|Delta Junction/Ft 2,114 |ACS-N Yes
Greely
28|Cordova 1,942 |Cordova
29|Glennallen 1,887 |CVTC Yes
30|Kotzebue 1,887 |OTZ
31|Wrangell 1,886 |ATC
32|Haines 1,633 |ATC Yes
33|Douglas 1,620 |JACS-AK
34|King 1,638 {BBTC
Salmon/Naknek
35|Craig 1,360 |ATC
36|North Kenai 1,333 |ACS-N Yes
37|Talkeetna 1,307 |[MTA Yes
38|Skagway 1,290 |ATC Yes
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Access Local Reachable
Location Lines Utility by Train or Car
39|Tok 1,244 |ATC Yes
40|Healy 1,206 |[MTA Yes
41| Willow 1,139 IMTA Yes
42|Metlakatia 977 |ATC
43|Deadhorse/ 882 |ASTAC Yes
Prudhoe Bay
44|Ninilchik 735 |ACS-N Yes
45]Hoonah 585 |ACS-N
46|Yakutat 568 |ACS-N
47 Klawock 558 |[ACS-N
48|Sand Point 507 |ITC
49|Clear/Anderson 466 |[MTA Yes
50{Unalakleet 457 |UUI
51(St. Paul 446 |ACS-N
52|Kake 442 |ACS-N
53|McGrath 435 |UUI
54|Gustavus 423 |ACS-N
55|Galena 421 |ITC
56|Nenana 383 |JACS-N Yes
57|Seldovia 376 |ACS-N
58|Moose Pass 373 |ITC Yes
59|Thorne Bay 353 |ACS-N
60|King Cove 352 |ITC
61| Aniak 342 |Bush-Tell
62]|Fort Yukon 325 |ITC
63|Pt. Hope 295 |JASTAC
64|Cooper Landing 292 |ITC Yes
65|Nuigsut 287 |ASTAC
66|Angoon 284 |ACS-N Yes
67 |Wainwright 278 |ASTAC
68|St. Mary's 273 |UUI
69|Emmonak 264 |UUI
70| Togiak 260 jUUI
71|Hooper Bay 244 jUUI
72|Mountain Village 243 [UUI
73|Red Dog 242 |0TZ
74 |Whittier 236 |YTC Yes
75|{Hydaburg 234 |ATC
76|Klukwan 219 |ATC Yes
77|lliamna/ 217 |ITC
Newhalen
78|Chevak 207 JUUI
79|Shishmaref 200 [Mukluk
80|Cantwell 197 |[MTA Yes
81Kaktovik 195 |ASTAC
82|Teller/Brevig 192 |Mukluk
Mission
83|Gambeli 189 |UUI
84|Eagle/Village 186 |NCTC Yes
85|Pelican 182 |ACS-N
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Access Local Reachable

Location Lines Utility by Train or Car
86|Noorvik 179 |0OTZ
87|Kipnuk 176 |UUI
88|Quinhagak 176 |UUI
89|Savoonga 176 |UUI
90|Cold Bay 173 |ITC
91|Kwethluk 172 |UUI
92|Selawik 171 |OTZ
93|Northway 169 |ACS-N Yes
94|St. George 167 [ACS-N
95|Alakanuk 162 |UUI
96|Anaktuvuk Pass 158 |[ASTAC
97|Tanana 156 |YTC
98|Kalskag 155 |Bush-Tell
99|Tyonek 152 |[MTA
100|Toksook Bay 148 |UUI
101 |Chignik 147 |ACS-N
102|Ouzinkie 147 |ACS-N
103|Port Lions 147 |ITC
104 |Atgasuk 142 |ASTAC
105|Kotlik 142 JUUI
106|Stebbins 139 |Mukluk
107|Kiana 137 |OTZ
108|Coffman Cove 136 |ACS-N
109|Kasigluk 135 |UUI
110|Nulato 134 |[ACS-N
111]St. Michael 134 |Mukluk
112|Nunapitchuk 130 jJUUI
113|Pt. Lay 130 |ASTAC
114|Egegik 128 |ACS-N
115|0Ild Harbor 127 |ACS-N
116|Pilot Station 127 |UUI
117 |Napaskiak/ 124 jUUI

Oscarville
118|Akiachak 123 JUUI
119|Koyuk 120 |Mukluk
120|Scammon Bay 120 JUUI
121|Nondalton 118 |[ACS-N
122|Cleary Summit/ 117 |Summit Yes

Chatanika
123|Noatak 117 |OTZ
124|Akutan 115 [ACS-N
125]Ambler 115 JOTZ
126|Buckland 115 |OTZ
127|Huslia 115 |[ACS-N
128|Kaltag 114 JACS-N
129]Kivalina 112 |OTZ
130|Larsen Bay 112 |ACS-N
131 |Kwigillingok 111 |UUI
132|Tenakee Springs 111 JACS-N
133|Elim 110 |Mukluk
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Access Local Reachable

Location Lines Utility by Train or Car
134|Port Graham 109 JACS-N
135|Central 107 |UUI Yes
136]|Manokotak 107 |Nushagak
137|New Stuyahok 107 |BBTC
138|Eek 104 JUUI
139|Napakiak 104 jUUI
140|Port Allsworth 102 |ACS-N
141|Port 102 JACS-N

Heiden/Meshik
142} Tununak 101 JUUI
143|Kongiganak 100 |UUI
144|Marshall 98 |UUI
145]Chignik Lagoon 97 |ACS-N
146{Ruby 96 [YTC
147 |Russian Mission 96 [UUI
148|Shaktoolik 96 |Mukluk
149| Tuntutuliak 96 |UUI
150|Mekoryuk 92 |UUI
151)Allakaket 91 [Bettles
152|Pilot Point 91 |ACS-N
153|Chefornak 90 jUUI
154 |Akiak 89 JUUI
155|Holy Cross 89 |Bush-Tell
156|Chignik Lake 88 |ACS-N
157 |White Mountain 88 jMukluk
158|English Bay 85 |ACS-N
159|Hyder 85 |ATC
160{Goodnews Bay 84 |UUI
161|Ekuk/Clarks Pt. 80 |Nushagak
162|Shungnak 80 |OTZ
163|Atka 79 |ACS-N
164|Wales 78 |Mukluk
165|Atmautluak 77 |UUI
166|Manley Hot 77 |UUI

Springs
167 |[Naukati 77 |ATC
168 |Hollis 76 |ATC
169|Kokhanok 76 JACS-N
170|Nelson Lagoon 76 |ACS-N
171|Perryville 76 |ACS-N
172|Golovin 75 |Mukluk
173|Halibut Cove 75 |ACS-N
174|Tuluksak 75 |UUI
175|Newtok 73 |UUI
176|Elfin Cove 72 |ACS-N
177|Deering 71 |OTZ
178|Nightmute 71 [UUI
179|Minto 70 [UUI
180|Port Alexander 70 |ACS-N
181|False Pass 68 JACS-N
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Access Local Reachable
Location Lines Utility by Train or Car
182|Bettles 67 |Betiles
183|Grayling 67 [Bush-Tell
184|Pedro Bay 64 |ACS-N
185{Venetie 64 [UUI
186 |Koyukuk 63 JACS-N
187|Little Diomede 59 |Mukluk
188|Koliganek 58 |BBTC
189]Levelock 58 |BBTC
190|Kasaan 57 |ACS-N
191|Shageluk 55 |Bush-Tell
192|Anvik 54 |Bush-Tell
193|Chitina 51 |CVTC Yes
194 |Ekwok 50 |BBTC
195|Hughes 49 JACS-N
196|Sheldon Point 49 1UUI
197 |Kobuk 48 |0OTZ
198|Mentasta 48 |CVTC
199]Akhiok 47 |ACS-N
200|Chenega Bay 44 |UUI
201|Tatitlek 44 |CVTC
202|Chalkyitsik 43 |UUI
203|Cube Cove 42 |ACS-N
204 |Kazakoff Bay 42 |ACS-N
205(Tetlin 42 |ATC Yes
206|Arctic Village 41 JUUI
207|Border City 41 JACS-N Yes
209]Chuathbaluk 41 |UUI
210]|Nikolai 41 JUUI |
211|Nikolski 41 |ACS-N |
212|Crooked Creek 40 |Bush-Tell
213|Sleetmute 40 |Bush-Tell
214|Circle 38 |Circle Yes
215]|Dot Lake 38 |[ATC Yes
216|Beaver 36 JUUI
217|Whale Pass 35 JATC
218|Dry Creek 34 |ATC
219|Point Baker 34 |ACS-N
220|Stevens Village 34 |UUI
221|Hobart Bay 33 |[ACS-N
222|Platinum 33 JUUI
223|Rampart 33 [uul
224 |Takotna 33 {UUI
225]lgiugig 32 |BBTC
226|Red Devil 29 |Bush-Tell
227 |Twin Hills 29 JUUI
228|lvanoff Bay 28 |ACS-N
229|Karluk 28 |ACS-N
230|McCarthy 28 |CVTC Yes
231|Edna Bay 27 |ATC
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Access Local Reachable
Location Lines Utility by Train or Car
232|Lake Minchumina 27 juul
233|Healy Lake 26 |ATC
2341Meyers Chuck 24 |ATC
235|Chena Hot 22 [Summit
Springs Yes
236|Coldfoot/ 21 |Summit
Wiseman Yes
237|Lime Village 21 JUUI
238}Stony River 21 |Bush-Tell
239|Livengood 20 |UUI Yes
240]Chisana 16 |ATC
241|Birch Creek 13 JUUI
242}Jim River Camp 5 |Bettles
243|Council 4 |Mukluk
244|Telida 3 [UUI
245|Chatham ACS-N
246)Gakona CVTC
247 |Pitkas Point Uul
248|Port Moller ACS-N
249|Portage Creek N/A
250|Slana CVTC
251|Tanacross N/A
252|Tin City

Access Line data provided by the Alaska Telephone Association for the year 19939-2000.

Circle - Access Line data for Circle not reported, so an estimate was used.
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Figure 5

Snowfall Distribution in inches

Adapted irom Nationa! Westher Service and U, 5. Geological Survey

Precipitation values include the water equivaient of the snow.

Figure 6

Mean Annual Precipitation Distribution
in inches

T T
133 . adey,, B o3

&
Acapted from National Weather Service and U. §. Geological Survey \, 4 AN
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Temperature

Temperature patterns appear in Figures 7 through 10. Th
range of more than 100 degrees F between summer high an
winter low temperatures in the (nterior is characteristic of th
Continental Zone, just as a range of only about 40 degrees F
typical of the Maritime Zone 10 the south. The Nation:
Weather Service, the official weather reporting and recordin
agency of the federal government, reported 100 degrees F
Fort Yukon on June 27, 1915, as the highest recorded tempe:
ature in the state. The lowest recorded temperature was mint
80 degrees F at Prospect Creek, about 25 mifes southeast ¢
Bettles, on January 23, 1971,

In general, temperature patterns shown are representativ
since the map scale makes it impossible to show them individy
ally. The variety of terrain in Alaska creates microclimates ¢
small areas where temperature, precipitation, or both will var |
from that of the surrounding area. For example, summer fro:
in interior Alaska varies in frequency from one location t
another but correlates most closely with elevation. Sites &
higher elevations have greater frost frequency and cannot b
shown on a small scale map.

Figure 7 Mean Maximum Temperature Distribution, July
Figure 8 Mean Maximum Temperature Distribution, Janu
Figure 9 Mean Minimum Temperature Distribution, Janu;

Figure 10 Mean Minimum Temperature Distribution, Ju
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Degree Days

Degree days measure the departure of mean daily tempera-
ture from a given standard, one degree day for each degree of
departure above or below the standard during the day. The
standard for heating degree days is 65 degrees F, for freezing
and thawing, 32 degrees F. Degree days are usually accumulat-
ed over a period of time or season.

By using the temperature pattern data of an area, thermal
loads can be measured over a period of time, usually one year.
Heating, freezing, and thawing loads are often measured in
degree days per year.

Heating degree days measured below 65 degrees F provide
information for calculating the annual fuel requirement for a
heated building. The freezing degree days measured below 32
degrees F provide a basis for calculating the depth of annual
ground freezing or ice thickness, while the thawing degree days
measured above 32 degrees F provide a measure of ground
thaw during spring.

Freezing Degree Days

For design purposes, freezing degree days of 1,000 more
than the mean {Figure 11} wiil approximate an extreme that
can be expected once in a 10-year period (Johnson, Hartman
1969). North of the Bering Strait, lines of equal freezing degree
days at the coast are linear with values farther inland reflecting
winter conditions. A curved pattern shows the influence of the
unfrozen sea in the central and southern Bering Sea. The
southern limit of isolated permatfrost falls close to 2,000 freez-
ing degree days on the Alaska Peninsula. A general relationship
is not apparent between freezing degree days and other perma-
frost conditions.

Thawing Degree Days

The presence of permafrost depends on thawing as well as
freezing. Thawing degree days (Figure 12) also measure summer
duration and temperatures. Areas with lower vaiues of thawing
degree days than freezing degree days tend to have some
permafrost. Areas with low thawing degree days and high
freezing degree days are candidates for continuous permafrost.

The uniformity of thawing degree days in interior Alaska
is caused by higher summer temperatures, which compensate
for longer thawing seasons farther south. It results in a fairly
uniform type of forest cover, except where altitude reduces the
length of the growing season for forest species. For design
purposes in Alaska, thawing degree days which are 300 degrees
greater than shown will occur approximately once every 10
years.

Heating Degree Days

Home heating begins when the air temperature is near 65
degrees F. Mean temperatures below 65 degrees accumulate
heating degree days (Figure 13). When the mean temperature
for a particular day is above 65 degrees, cooling degree days
are measured. For design purposes the addition of 500 heating
degree days for the Aleutian Islands and Southeast Alaska and
1,000 for the remainder of the state to the values shown on
the chart for these areas will approximate one occurrence every
10 years.

Figure 11 Annual Freezing Degree Day Distributicn
Figure 12 Annual Thawing Degree Day Distribution

Figure 13 Annual Heating Degree Day Distribution
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Figure 14 Global Wind Circulation Pattern

-
Air tlowing through narrow gaps, such as mountain valleys, is accelerated. The more
Qevere the restriction, the greater the acceferation.

Figure 15 Wind Channeling
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Climate

Wind

Rotation and uneven heating of the earth’s surface com-
bine to create a model global circulation pattern shown in
Figure 14 (Miller, Thompson 1970}, These combined forces
create three major circulation cells between the equator and
the pole. Heated air at the equator rises and moves north, then
gradually turns east at a latitude of 30 degrees under the
influence of the earth’s rotation. Air accurnulates, creating high
pressure at the surface. To equalize this pressure, air flows
outward from the high toward the south as northeasterly trade
winds and northeastward as prevailing westerlies, Cold air from
the Arctic flows southwest and meets the warmer moist air
moving north. Again air accumulates. this time at the earth’s
surface where it is forced upward by temperature gradient
effect. This air mass divides in the upper atmosphere, part
flowing north and part south, completing the circulation of the
three cells. This last zone of upward moving air varies between
50 and 60 degrees latitude and provides the conditions for
storms that form in the northern and western Pacific Ocean
and move eastward 1o the south of the Aleutian Island chain
into the Gulf of Alaska.

The earth’s atmosphere is broken into numerous high and
low pressure cells. These relate to certain types of weather.
High pressure usually indicates improving or good weather; low
pressure, deteriorating or stormy weather. Movements of air or
wind are commonly related to tangible weather events but
actually result from fluctuations in air pressure. Air in a high
pressure cell flows toward 3 low pressure cell, creating wind
movement. The speed of moving air is related to the difference
in pressure over a given distance; the greater the pressure
difference, the greater the wind speed.

Wind Channeling

Wind speeds may also increase by channeling (Figure 15),
Water provides a good example of this channeling effect tn a
wide channel water may flow at a speed of five knots. If the
channel narrows, the speed of the current increases in order to
carry an equal volume of water in an equal amount of time.
Wind reacts in the same way. Valleys and mountain passes
form narrow channels. The best example of this in the Arctic
Region is the Killik River valley. Observers flying over the
valley in winter often report that strong winds have swept the
ground bare of snow. Sheltered areas nearby are still covered
with snow. Other examples of this are Anaktuvuk Pass and the
Chandier River valley. Wind speeds in these special areas may
double or triple.

Chill Temperature

The human body or any body warmer than the surround-
ing air, loses heat to the air. The rate of loss depends on the
barriers 10 heat loss, such as clothing, insulation, and air. Air at
body temperature reduces the loss to zero. Heat loss continues
in changing air that is lower than body temperature. The rate
depends on temperature differentiat and rate of change. Even a
light wind results in an increased rate of heat loss. A strong
wind can produce a rate loss greater than the body can replace
it, resulting in a lowering of body temperature. The relation-
ship between body heat loss and wind speed has been develop-
ed and is shown in graphic form in Figure 16. Prooer clothing
protects the body from extreme cold and wind.

Figure 16 Equivalent Wind Chill Temperatures
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Climatic Data

Arctic Region
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Arctic Climate

Arctic weather sharply contrasts with weather in other
parts of Alaska. Average temperatures are cold, and persistently
strong winds blow over the northern half of the area. Although
the terrain is continuously wet in summer and dotted with
lakes, the amount of precipitation is low. Therefore, except at
higher elevations, the region is classified as a desert—a desert of
frozen land.

In the Arctic weather is critically important to man. At
times, wind and temperature make outdoor activities difficuit
or impossible. The primary mode of transportation, flying,
depends heavily on weather conditions, Surface transportation
is restricted to a limited road system during warm months but
increases when the tundra is frozen and snow-covered.

The Arctic Region and the Arctic Climatic Zone are geo-
graphically the same. Despite the proximity of the offshore
icepack to tand for at least 10 months of the year, the Arctic
Ocean and Beaufort Sea have a modifying effect on coastal
temperatures.. On the southern extremity of the region the
Brooks Range affects both temperature and precipitation. Sur-
face winds are relatively strong along the coast but weaken ano
become more variable further inland. In the mountains wind
speeds accelerate as they are channeled through north-south
oriented passes {Figure 15).

The nine locations shown in Figure 17 are the only
stations that provide weather data for the immense Arctic
Region. Only at these locations have temperature and precipita-
tion data been consistently recorded and summarized. Wind
data are available only for Barrow, Umiat, Cape Lisburne, and
Kaktovik (Barter Island). Because of the small amount of
usabie data for Oliktok, the figures shown for that station do
not necessarily represent average conditions.

During exploratory oilwell drilling, observations were
made at a number of locations near Prudhoe Bay. These
records, which inciuded information relating to aviation weath-
er, did not include daily values of high and low temperature
and precipitation. The data were not routinely summarized,
therefore, although the locations of the observation points are
shown on Figure 17, basic weather data are not shown for
these sites. With the exception of Oliktok, a military Dewline
station, data from the weather stations shown in Figure 17 are
available from the National Climatic Center, Federal Building,
Asheville, North Carolina 28801 and the Arctic Environmental
information and Data Center, University of Alaska, Anchorage.

Five stations on the coast from Barrow southeastward
provide adequate data coverage for that portion of the coastal
region. The remainder of the region is inadequately covered by
weather reporting stations. Therefore, the sparsity of data sta-
tions requires that a great deal of subjective analysis be used to
portray regional climatic patterns. - - T
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Weather conditions along the coast are reasonably repre-
sented by the conditions at Barrow and Barter Island, except
fog which differs seasonally between the two locations. Since
terrain is flat and most storms move west to east, all areas are
affected in much the same way.

Intand from the coast, weather conditions are more tocally
variable. Umiat, in the foothills of the Brooks Range at the
bend of the Colville River, is the only inland station with
significant data. Sporadic data are available from Sagwon and
more recently from pipeline construction camps along the
trans-Alaska pipeline route. Inland surface winds are lighter and
slightly more variable in direction. Temperatures have a greater
range than along the coast, but precipitation is about the same.

Weather conditions at Anaktuvuk Pass are greatly influ-
enced by local terrain and are therefore unique to that loca-
tion. For example, as surface winds are channeled through the
pass, they become gquite strong at times.

Mean Storm Tracks and Storm Frequency

During World War I} historical weather maps of the north-
ern hemisphere were prepared for the period from 1839
through June 1939 (Klein 1957). Mean storm tracks for the
northern hemisphere were computed from this data to show
the source and movement of storm centers.

August is the only month that a primary storm track
crosses through the Bering Sea into northwest Alaska. During
other months secondary storm tracks affect some part of the
Arctic Region. Storm patterns for 4 of the 12 months are
shown in Figure 18. Mean pressure patterns {U.S. Weather Bureau
1852) are superimposed onto the storm tracks, The patterns
for atl 12 months show an average east to west flow of air in
the Arctic. Surface winds at Barter Island, however, prevail
from the west 3 months of the year. The small scale climatol-
ogy of that area permits locally prevailing west winds, while
large scale air movement is from east to west.

With a primary storm track into the Arctic only during
August, the annual frequency of storms is considerably less

= Primary Storm Track than in other parts of Alaska. The statistics in Figure 19 reflect
=== Secondary Storm Track the percentage frequency of occurrence in days or portions of
—1013—  Sea Level Pressure in Millibars (mb} days averaged over 40 years of record for geographic areas with
Lines called isobars connect points of equal surface pressure. Units of pressure are recorded in dimensions of 5 degrees latitude by 10 degrees longitude. The
millibars rather than inches of mercury in order to better show very small changes in pressure. highest frequency of occurrence is during summer months with

upper center of each of the four charts is a semipermanent pressure condition. Period of - h
low, especially when compared to the Bristol Bay and western

ith P i .03 i f . f hi f; d in thi . . B
One millibar is approximately 0.03 inches of mercury. The area of high pressure found in the August the hlghest. However, even the frequency in August is

record is 40 years.
\ Adapted from National Westher Service charts. Gulif of Alaska regions.

Figure 18  Average Storm Tracks and Sea Level Pressure Patterns for
Four Months of the Year

Whiteout in the Arctic.

Joseph C. taBelle
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The curved tines are labeled in hours and represent the combined hours of sunlight snd civil twilight for different latitudes
and months ot the year. Hours of darkness can be estimated by computing the difference between the vatue of the line and
the total of 24 hours. The latitude locations of the villages in the Arctic are ndicated by a sofid horizontal fine,

K:’hmce' Environmantal Atlas of tho Gruatur Anchorago Area Doroligh, Alnsha. L, Selkrepy ot ol 1972, /

Figure 20 Sunlight and Darkness

Solar Radiation of Sunlight and Heat

Latitude and the season of the year determine the length
of each day at a particular location (Figure 20). In the north
days are fonger in summer and shorter in winter than at more
southerly latitudes. Twilight marks the beginning of darkness or
sunlight.

The three twilight terms in use are civil, nautical, and
astronomical. Civil twilight, the term most frequently used, is
the time of day when the sun is below the horizon by 6
degrees or less. Nautical twilight represents the range between &
and 12 degrees below the horizon, and astronomical twilight is
between 12 and 18 degrees below the horizon (American
Meteorological Society 1959). Beyond 18 degrees sunlight no
longer results from bending the sun’s rays, but is reflected light
such as from the moon. At the end of civil twilight visibility is
drastically reduced affecting most outdoor activities.

Summer in the arctic foothitls.

The sun rises at Barrow at 1:06 a.m. on May 10th and
does not set again until August 2nd at 11:51 p.m. with an
elapsed time of 84 days, 21 hours, and 3 minutes (U. S. Nava!
Observatory}. Actually, darkness ceases with the beginning of
civil twilight at 1:03 a.m. on April 23rd and does not begin
again until the end of twilight at 11:59 p.m. on August 19th.
The total elapsed time without complete darkness is 118 days,
22 hours, and 56 minutes. The sun sets in Barrow at 12:50
p.m. on November 18th and does not rise again until January
24th at 11:51 a.m. with an elapsed time of 66 days, 23 hours,
and 1 minute. However, a short period of twilight or indirect
sunlight occurs during each of these days, ranging from 2 hours
and 58 minutes in December to slightly more than 6 hours in
November and January. Although the sun does not appear
above the horizon for almost 67 days, approximately 12% days
of twilight occur at daily intervals of varying length.
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Temperature

The Arctic receives most of its heat energy during sum-
mer. The decrease of heat energy in fall and winter is gradual
at southern latitudes, but is dramatically rapid at extreme
northern latitudes. Decreases in temperature follow the same
pattern, especially after heat energy from the surface to the
atmosphere exceeds the incoming heat from the atmosphere 10
the surface. Then, temperatures in the Arctic are influenced by
air flow which periodically carries warmer air to the north.

In the Arctic the heat energy balance becomes negative—
more outgoing than incoming—in September, compared 1o mid-
October for southern Alaska. From September until the end of
December both maximum and minimum temperatures drop
rapidly. A slight warming trend occurs in most of the region in
January. Temperatures reach their lowest point in February,
move upward beginning in late March, and rise rapidly from
April 1o July. The heat energy balance becomes positive again
in late March or early April. Figure 23 shows average maximum
and minimum temperatures and extreme temperatures for loca-
tions where data are available.

February is the coldest month at all stations except
Anaktuvuk, where January is the coldest (Environmental Data
Service, U. S. Department of Commerce, various dates). Aver-
age minimums range from about minus 35 degrees F (minus 37
degrees C) along the foothills of the Brooks Range to approxi-

Figura 23 Temperature Averages and Extromes

mately minus 25 degrees F {minus 32 degrees C} along the
north and northwest coast to minus 20 degrees F (minus 29
degrees C) along the extreme southwestern coast. July is the
warmest month in the region. Average Fahrenheit maximums
range from the mid- to low 60s along the foothills to the
mid-40s along the north coast to the mid-50s along the south-
western coast. Summer minimum temperatures drop below freez-
ing in all areas but average below freezing at only three of the
seven observation sites. Extreme temperatures, both warmest
and coldest, occur in the foothills or mountain areas.

In the Arctic, chill temperature values are more important
to biologic systems than the free air temperature. Cold winter
temperatures coupled with strong winds produce chill tempera-
tures that require extreme precautions before outdoor activity
is conducted. Figure 24 reflects chill temperatures for each
degree and mile per hour of wind. This detailed interpolation
of equivalent chill temperature is presented in addition to
Figure 16 since this climatic condition is so important 10 man'’s
occupancy and use of the land.

The frequencies of occurrence of chill temperatures at
three locations are presented in Figure 25. Barrow is used to
represent the area from the coast inland approximately 50
miles, Umiat for the interior beyond 50 miles, and Cape Lis-
burne for the western coastal area.

( Average maximums, minimums, and extremes have

bean combined on a single chart for the nine available
observation locations. This allows comparisons he-
tween stotions snd shows tho rapid temperature

changes that occur during spring and fall months. \
Because only one to five years of record aro ovaitable

for Olikiok, the intormation prosanted for this
station does not allow long-term avoraging.
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Figure 24  Cooling Power of Wind Expressed as “Equivalent Chill Temperature”

o . LI TLY DANGER INCREASING DANGER

© Tumpuiature X X

£ 0 -1 2 3 -4 5 -6 -7 -8B .90 -1 -12 13 .14 15 .16 17 4 .10 -20 .20 22 .23 .24 25 .26 27 .28 29 30 31 32 ~:33 34 -35
& 6 -6 -7 -8 -89 -0 11 12 13 -t4 16 -16 -17 -48 .19 .20 =21 22 .23 .24 -25 -2 -27 -28 .28 .-30 -31 32 " .33 .34 .35 .36 37 38 .30 . 40
6 -8 -9 10 .11 .12 43 14 .16 17 -18 19 2021 -22 .23 .24 .25 .26°.27 .28 .29 -30 .31 -32 33 34 -35 36 37 39 40 41 42 43 ‘44 45
7 -13 212 13 214 16 16 17 10 20 .22 .23 «24 26 -2 -27 28 -20 -0 .31 .32 .33 -34 .36 .36 -37 -38 -39 41 42 43 4G 46 47 48 40 .50
8 -14 -15 .16 .17 -18 .19 .21 -22 -23 .25 .27 -28 -20 -30 -3} -32 -33 -34 .35 .30 .37 -33 .30 .40 -47-..42 43 46 47 48 B0 .61 .62 53 B4 55
9 <17 .16 .19 -20 .21 -22 -24 -26 -27 -29 .31 32 .33 .34 .36 -36 -37 ‘3§ .3p -40 -41 42 43 -44 .45 48 47 49 .51 .53 - 65 .56 67 -G8 6B 60
10 -20 .21 .22 -23 .24 .26 -27 -2@ .31 -33 -35 -3¢ .37 -38 .39 40 41 42 43 -44 46 -6 -7 -4B 49 .50 -52 .54 56 .58 60 .81 .62 -B1. 64 65
11 222 .23 224 .25 26 -28 -30 -32 -34 -36 37 -38 -39 40 41 42 43 .44 46 47 .48 -49 60 -61 .62 -63 -GG -B7 . .59 . .61 62 .63 .64 65 .68 --68:
12 224 .25 .26 -27 .20 -31 33 .34 .35 .37 - E 54 - . - E -

13 -28 -27 -28 -30 -32 -34 .36 .37 .38 .39

14 228 .20 .30 .33 .35 -37 -3 40 41 42

15 230 .32 .34 .36 .38 -40 .41 -2 -43 44

16 -31 -33 .35 37 .39 41 .42 43 44 45

17 -37 -34 -3 -38 .40 .42 .43 44 .45 .48

18 -33 .30 :37 -39 -41 43 .44 A5 46 47

19 -34 .36 .08 -40 -42 .44 -AS 4G 47 48

20 .35 -37 .30 -41 .43 .45 .46 -47 48 49

2Y .37 .38 .40.-42 44 48 .47 48 49 KO

22 -39 .40 g

23 -41 .42 .

24 -43 .44 .

25 -A5 .46

26 -4G -47

27 A7 48"

28 .48 49 .

7 .49 .50

30 -50 .51 -

31 .51 -52-.

32 -52 -53 -

33 -53 .54 .5

34 -54 -55

35 -55 .56

36 -56 -57 p

37 -57 -5B - -

38 -n8 58 .60 -G1 .62 63 -64 -65 -66 -

39 -GO -60 -6Y -B2 .63 -64 -85 -66 -67 -

40 .GO -0} -G2 -83 -84 -G5 .06 -GV 68 -

INCREASING DANGER .
Exposed {tesh may freczo within one minute. =~ . . b h 1 d k. 3.0t

The chiil temperature for each Fahrenheit degree and mile per hour of wind was interpolated from the Equivalent Wind Chill Temperature Chart, Figure 16.

Temperatures of zero and colder are critical in the Arctic because of moderately strong surface winds.

Wind speeds are in MPH, Temperature OF,
Adaoted from U.S. Air Force, Arctic Aeromedical Laborstory and Scientific Services. 11th Weather Squadron

nn-Granger Producnons, Caurtesy of ARCO
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Data summaries are available only from these three

locations, For most planning purposes Barrow is b -
considered representative of the north arctic coast, %
Cape Lisburme of the western and northwestern 0

coast, and Umiat of the interior plains and foothills.

i 1

Period of records: Barrow—20 years, Cape Lisburne — / 7. .
—14 years, Umiat—8 years. &/ } /[/ ////‘ l
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Adapted from U.S. Air Force, Air Westher Service.
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Precipitation

Annual precipitation amounts depend on many climatic
interrelationships such as global weather patterns, terrain of the
surrounding area, and air temperature. Annual precipitation
amounts in the Arctic are generally low (Environmental Data
Service, U.S. Department of Commerce, various dates). Any
exception can be explained by special conditions affecting one
or more of the three factors mentioned above.

Global weather patterns, partially presented in Figure 18,
show major storm tracks. During all months except August the
major storm track in Alaska is along and to the south of the
Aleutian Island chain, Alaska Peninsula, and into the Gulf of
Alaska. There are many minor storm tracks. One pushes storms
in a west 10 east movement along the Alaskan coastal Arctic
from the Soviet Arctic or north through the Bering Sea to the
Alaskan Arctic. During August the south to north movement of
storms through the Bering Sea becomes a major storm track
producing the Arctic’s largest monthly precipitation amounts.

Terrain can increase precipitation amounts whenever moist
air is forced up a mountain slope. The moisture in the air cools
and condenses and then falls to earth as rain or snow. Without
this mechanical lift precipitation may not develop.

Air temperature controls how much moisture the air holds
as a vapor or gas. Regardless of other factors, extremely cold
air can contain only very small amounts of water vapor. The
result is low precipitation.

Precipitation in the Alaskan Arctic varies. considerably
with location. Heaviest amounts occur in the highest elevations
of the Brooks Range where the average annual amounts vary
from 40 or more inches in the eastern glacial area to about 10
inches in parts of the central portion. In the coastal and
foothill areas amounts range from 7 to less than § inches. Most
precipitation occurs during summer as rain (Figure 26). Areas
with the heaviest snowfall correspond to those with the most
total precipitation. Average annual snowfall amounts range
from an estimated 100 inches in the eastern Brooks Range to
only 12 inches along the northwest coast (Figure 27). The two
data stations with the heaviest annual precipitation are both
influenced by terrain. Figure 28 shows the frequency of occur-
rence of precipitation.

Lo
n

6C

B Cope Listrne

Precipitation data are available for anly the four locations shown.
Without regard to intensity or rate of fall, this chart gives the
frequency of occurrence of any type of precipitation. For ex-
ample, the value of 30 for Barrow in January rneans that 30
percent of the time, some type of precipitation was occurring.
Period of record is 8 to 20 vyears.
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— ArcRtunm ©06S DY
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precipitation that occurs in late summer and early fall. Period of record
is 8 to 20 years.

Adsoted from the National Oceanic and 0 snistrari

The line graph pilot of the nine data stations shows the distribution of
precipitation through the year, showing clearly the comparatively heavy

—

Figure 26 Average Monthly and Annual Precipitation

150 -

Soowlolt (n laches
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In contrast to the single period in August when most precipitation occurs, the
snowfall pattern shows a primary peak in October and a secondary peak in
spring which varies from February to May. Period of record is 8 10 20 years.

@med from the National Oceanic and

JMNE LY AUG  SEPT OCT WOV DEC

Adrnini ion Envir Data Service.

Figure 27 Average Monthly and Annual Snowfall

Adapted from the U.S. Air Force, Air Weather &”icd Figure 28 Percentage Frequency of Occurrence of Precipitation .
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Figure 29 Detiled Wind Data

Wind

Temperature differences determine pressure differences in
the atmosphere. Cold air is denser and heavier than warm air.
Since a cold air mass has higher surface pressure than a warm
air mass, air movement (wind) flows from the cold to warm air
as long as a pressure differential exists; the greater the differ-
ence, the faster the flow. Horizontal pressure differences are
the most important, but differences in vertical gradient can also
have an effect on the horizontal wind speed. Figure 14, show-
ing the global air flow, pictures a2 major down motion of air in
the Arctic. This downdraft results in a piling up of air that
creates an area of high pressure centered approximately 600
miles north of the Alaska arctic coast {Figure 18). Air con-
tinually flows south from this area of higher pressure as a
north wind, By the time it reaches the Alaska coast its direc-
tion is between northeast and east because of the rotation of
the earth, which turns a flow of air to the right in the northern
hemisphere.

Surface wind speeds along the coast are persistent and
strong compared to those in more interior regions {Air Weather

o

Service, U.S. Air Force, various dates}. Calm conditions are
recorded at Barrow only 1 percent of the time, while Umiat in
the foothills, has calm conditions 17 percent of the time. By
comparison, the city of Fairbanks in the interior basin of
Alaska, is calm 21 percent of the time. Arctic coastal wind
speeds of 30 to 50 knots are common during winter months.
Usually, damage will not occur if buildings are designed for
strong winds. However, structural damage has occurred when
wind generated storm tides carried water into some of the
coastal villages or when wave action eraoded beaches.

Strong winds can cause other problems. A whiteout condi-
tion, when neither shadows, horizon, nor clouds are discernible,
can result from blowing snow. Senses of depth and orientation
are lost, and only very dark, nearby objects can be seen. Often,
guide ropes are necessary to move from one place to another.
Strong winds also can stop all aviation traffic because of
wrbulence and runway drifts. Although they can occur in the
mountains, strong winds are usually restricted to specific loca-
tions where valleys or mountain passes channel the wind, dras-
tically increasing its speed.

Detailed wind information is shown in Figure 28. Wind
direction is predominantly easterly at coastal stations and
evenly divided between east and west at Umiat. Considering all
locations and directions, the strongest average wind speeds have
been recorded at Cape Lisburne. The directions associated with
these speeds are SSE through SW and do not include the
prevailing direction. This indicates that the wind blows from
these directions only when conditions favor strong winds, such
as storms or an intense high pressure system in interior Alaska.

Prevailing wind directions (Figure 30) are usually the
primary determinant of runway and landing strip orientations.
In the coastal Arctic they generally lie east to west. Variable
terrain, particularly in the foothills and near mountains, may
channe!l the wind in other directions and dictate otherwise.

Figure 30 Mean Monthly Wind Speed and Prevailing Direction
{Speed in knots!}

Station Jan Feb Mar APr May Jun Jul Aug Sep Oct Nov Dec Annl
Barrow 103 9.9 9.91700 10.510.1 10.211.0 11.2 118 1.8 99 106
ENE E ENE ENE ENE E E E E ENE ENE ENE ENE

Barter island 12.7 12,8 120 111 10.7 9.8 10.3 11.3 13.2 13.1 124 115 " 5§
E W w E E E ENE 13 E E E w E

Umiat 61 66 49 60 72 75 62 57 58 45 59 S6 6.0
W W w W E € E E E E W WWE

Cape Lisburne 176 9.8 10.1 10.0 8.7 8.2 10.7 10.0 10.8 13,0 12.8 10.4 10.5
ESE ESE E E E E E E ENE ENE E E €

Source: U. S. Air Force, Air Weather Service

Wind speed and direction datz are
avellabie for only the four locat-
ions shey Tha figuras in the
inner circla show the preceminance
of the genera! east 1o west flow of
2ir along the arctic coast.
of the four locations
es: winds associated
directions. Period of record 5 8
to 20 years.

Snowdritts caused by winds that often reach 30 to
50 knots.

Wind speeds cre in RRo1s.,

National Weather Service
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Detailed Weather Conditions

Average annual sky cover conditions differ only slightly
between the four data locations (Air Weather Service, U. S. Air
Force, various dates), Divided into monthly increments, these
differences become slightly more significant. Seasonal trends
are similar for all stations. Where total cloudiness influences
operational planning, the data in Figure 31 will be useful.

Snow depth data must be applied with caution. Even
though these data are compiled and presented in Figure 32,
their value is greatly reduced since wind continuously moves
the snow from one area to another. Also, there are areas where
snow is packing and developing a hard crust. Measurements
made at a single or even several locations will not necessarily
give an accurate picture of general conditions.

Obstructions to vision are yet another planning considera-
tion {Figure 33}). An obstruction to vision is a condition that
reduces visibility to six miles or less. In the Arctic, particularly
along the coast, the most persistent and significant of these is
fog, which occurs often enough to be a hazard. Along the coast
the occurrence of fog increases drastically as soon as open
water begins to appear in May or June and continues into early
October. Statistics on heavy fog, a reduction to visibility of
one-quarter mile or less, are available for Barrow and Barter
Island (Figure 34). In the interior portion of the Arctic, fog
occurs most frequently in winter. Warm summer temperatures
in this area reduce fog occurrences. Smoke and haze occur so
infrequently that they have a negligible effect on visibility.
Blowing snow, however, is a serious hazard.

Joseph C. LaBelle

Wind flows across a mountain ridge. The lenticular
cloud appears 1w be stationary, but it is actually
dissipating on the leeward side at the same time it is

forming on the windward side.

March occurrence of fog over an open lead. '

Joseph C. LaBeile. AEIDC

Figure 31  Sky Cover
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Figure 32  Depth of Snow on
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Figure 33  Obstructions to Vision
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Note: The detailed weather conditions presented in Figures 31, 32, and
33 are all average percentage frequency of occurrence values, based on
hourly observations. A particular value represents the amount of the total
time during that month that an event occurred. For example, in August on
Barter Isiand fog is present as an obstruction 1o vision 31.5 percent of the
time, or out of 744 total hours, fog was present for 234 hours. To qualify as
an obstruction to vision. visibility must be reduced to six miles or jess.
Period of recard is 8 to 20 years.

Adapted from U.S. Air Force, Air Weather Service.

Days with Heavy Fog
Jan Feb Mar Apr May Jun Ju!l Aug Sep Oct Nov Dec Anni

Barrow 2 2 1 3 8 12 13 12 5 4 3 2 65
Barterisland 2 1 71 3 7 1215 16 10 4 2 1 75

Figure 34

Note: The statistics for this chart were compiled by noting the occurrence
of heavy fog on a daily rather than hourly basis. Heavy fog, defined as fog

reducing visibility to one-quarter mile or less, must occur at some time dur-

ing a day to establish a day with heavy fog. Period of record is 25 years.
Data

Source: Oceanic and A eric ation, En

Service.
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Aviation Weather

Aviation weather information is extremely important in
the Arctic. Lack of surface transportation makes aviation the
prime mode of transport to the region and between villages.
Some information related to general flying conditions in the
Arctic is shown in Figures 38 and 39. Official, current weather
information can be obtained from flight service stations at
Barrow and Deadhorse.

The data application discussion assumes that average
weather conditions at Barrow and Barter istand reasonably
represent the coastal area between them. This does not mean
that ceiling, visibility, and wind conditions associated with 2
particular storm in the Barrow area are also going to affect
Barter Island the same way two days later. Both storm track
and intensity may vary enough to result in completely different
conditions at Barter Island. The average of all these storm
conditions provides the similarity. Average ceiling and visibility

Figure 38 Ceiling and Visibility Visibility {in miles)

conditions are reflected in Figure 38 [Air Weather Service,
U. S. Air Force, various dates).

If a flight cannot land at its destination, the possibilities
of landing at alternate fields in the same general area can be
evaluated in several ways (Searby 1971). in a study of six
locations near the Prudhoe Bay oil explorations, weather obser-
vations were taken hourly throughout the day. First, the total
time that each location met a set criteria was established to
determine if, during the interval of one year, certain stations
experienced better weather than others (Figure 39}. Second, if
one station was experiencing particular conditions, circum-
stances at the other six stations at the same time needed to be
known {Figure 39}, Results from the fatter pant of the study
indicate that weather conditions vary considerably from site to
site during specific periods, making it possible to select an
alternate landing field nearby. Results from one year of data
do not guarantee that conditions will be the same during future
years, but they are adequate for long range operational plans.

Visibility {in miles)

Ceiting
23 2y oM 2% 2% 2% 20 lin teet) 23 % 2 x% xv 2 g
8 59 60 61 62 62 62 2 1,800 61 63 64 65 66 68 68
61 B3 62 64 65 66 66  1.500 64 6 68 68 0 M 72
6 67 68 63 69 70 71 1200 67 6 71 12 73 78 75
& 72 73 78 15 7% 76 1,000 70 73 75 6 78 79 380
N4 7 7 77 18 78 2900 | T M 74 7% 77 79 80 8
4 77 79 79 8 & 8 | 80 [ £ 73 6 79 8 & 8 8
77 80 8 82 8 & 8 S| »70 [T 4 78 8 2 83 85 e
» 83 B8 8 8 8 8 &l 600 | £ 7 88 82 8 8 8 g8
&2 8 B8 B8 90 9 92 xs00 | & 77 8 B4 8 8 89 91
B4 88 9 91 93 94 94 I 2400 78 82 8 8 8 91 92
8 89 92 93 95 9% 97 2300 78 8 8 8 91 93 95
8 50 92 93 9% 98 99 200 78 8 87 89 92 95 9y
85 S0 92 94 %6 98 100 100 78 83 87 8 S22 96 98
8 90 92 94 96 98 100 0 78 83 87 89 92 96 103
% 75 76 6 6 76 76 *1.800 65 67 68 63 68 69 69
7 79 79 80 B0 8 B8O 1,500 375 % 7 7N 77 M
8 8 88 84 B4 B4 B4 21,200 77 80 8 82 82 8 83
8 g7 8 88 B89 8 89 21,000 80 83 8 8 8 8 B7
8 8 9 90 90 9 90 *900 | 2 8 8 87 8 8 8 88
87 90 91 91 91 92 92 2800 | 3 84 87 8 % 91 91 9
8 9 93 93 93 94 94 = | 2700 (2 B 8 91 92 93 93 93
93 94 94 95 95 95 £ 2600 (4 8 91 93 94 94 95 g5
0 93 95 95 96 9% 97 2500 |8 8 92 94 95 9 96 97
S0 94 9 9 97 97 98 400 [O 8 92 95 96 97 98 98
91 %4 9 97 98 98 98 :300 88 93 9% 97 98 99 89
91 94 97 97 98 99 9 2200 8 93 9 g7 98 99 100
91 95 97 97 98 99 100 2100 88 93 9 97 98 99 100
st 8 97 97 98 98 100 20 8 93 9 97 98 93 100

Data is presented for all months and all hours. A ceiling exists when the sky 5 more than half covered with ¢louds. Due

10 the cumulative nature of this pr L itis w
given himit of ceiling or visibility separately, or in combinstion of ceiling and vis

the percentage frequency of occurrence tor any

. The totals progress to the right

and downward. The trequency of occurrence of a particular ceiling height may be determined independently by referring
16 101als in the extreme right hand column for each mation. The treauency of occurrence of 3 pantitular visibility range
may be determined independantly by referring to the horizontsl row of totals at the bortom of each ;ation grid. The
percentage frequency for which the rtation was meeting Or exceeding 8ny given set of minima may be determined from

the figure st the intersection ot the appropriate ceiting column and visi

lity row,
Dava compiled by U. S. Air Force, Air Weather Service
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~2re @ woman of Lzdd ancesirv fishes through
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Lake and River Ice

Observation ana recording oi freezeup and breakup dates
on rivers and lakes in 11e reqion oegan more than 20 vears aco.
Although there are some gaps in these dats. Figures 34 and 23
oresent all that are available. Since river water moves. river
freezeup dates are later than those of lakes, breakup dates zre
earlier, and the davs inat ice is safe for men and vehicies are
fewer, The ice-free s22s50n iells zporoximately Detween thasz
dates. As soon as the t2mperature remains above ireezing, tce
melts much more quicxly than it forms when the temperature
crops below freezing.

Fioure 35 gives average peginning and ending freezeun
dates of the ice season ‘or selecteg lakes and rivers. Locations
of these observational sites are found in Figure 18. fce obser-
vations are not available for other iocations in this region.

Alaska’s lakes anc rivers are imoortant transoortation and
recreation resources year-roung. in summer a high percentage of
airplanes is equipped with floats. which allows them o0 land
slose 10 most otherwise inaccessible zreas. Floats are excrangad
for skis in winter. For surface trznsoortation, these water boaies
often must be bridged, which requires knowiedoe of ice conai-
tions for engineering design and consiruction.

Figure 34 f Mean date of last spring \
Freezing Temperat.ures | occurrence of 320F i09C) occurrence of 32°F 10°C!
for Selected Locations _
Station and May <une August Septemper Numger of Davs
be
vears of record 20 25 30l 5 10 15 20 20 25 30 T w0 15 20 25 tween Dares
i i ; ; ! ; -
| e i 5 D !
Cape Lisburne-15 - A g : 77
‘ '! | ' ! !
Korzebue 10 T T : : : 1 93
! . j | i
] I
B 1 i 1
Kobuk-10 | I | : . : : 89
]
| ! | | i
Wales-10 T - > - 66
1 ' i |
. l I
Nome Airport-30 —— : | 79
' : !
B | |
Moses Point-24 I —8 : l * ; I 94
I | . |
Unalakleet-10 . . - : 94
l Preparec by AEIDC from Environmentai Dara Service aata J
Figure 35
Freezeup and Breakup Dates for
Selected Rivers and Other Water Bodies
Siation River or other QOctober November December May June Number
socy of water 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 o1
Etim Norton Sound Al | - —— FIS ol : 197 | 164 1 218
[ i i i | | ‘ ;! ! missing dara : | H
Gambell Bering Sea " —— 7 & - \1—1 - - — T missing datal
Lake Troutman - —— , i —— - - - 185 | 182 !
! Pl ol i ! . :
Kizna Kobuk River —A——o—0— — . - - - 0 A - 220 ) 209 236
Sauirrel River —t—dh—@——0 ——— ' — e , Tl 2211 209 236
1 R i P i
t | i Vo 3 l ( o
Kobuk Kobuk River —f—' —dy—i—@ L - : Lol —— l 212 ] 195 223
' ! . : ‘ '
i o 80 i l Py
Kotzebue  Korzebue Sound - ale : | ‘ : : - A 208 | 196 232
P ': ; :
Kovuk Koyuk River A : : . l - ' - 216 | 206 °
. i : l i i H
i i |
Nome Norton Sound : - p— ! : : 189 | 147 ¢ .
Snake River : — ' ! } : - i 180 | 160 ; -
B 1 | | Ll
Selawik Selawik River y ﬁ i : l' i T - - 211§ -
- | : i .
P [ i : {
Unalakleet  Norton Sound S , f L L ! o - L 185 | 165 i
Unatakleet River & ! L] ! : : - 200 | 178 -
H i i " i i H H
. it ! :
Wales Bering Strait : I l l | musying dac? —d - - L1
Wales Harbor - d o} ! Jrgf A 187 | 172 | 203
Wales River e Py + e —+ loe—bp -+ 1 207} 1951 -
& Boating ‘ . . . . ﬁ . .
Mean {all date that ice becomes unsafe for boating Mean spring date that ice becomes unsafe for vehicle .
® Man and safe for man and vehicte (in that order). and man and safe for boating (in that order). '
2 Vehicl Mean numper of cays that ice is safe for man and |
v Venicle s=micle aro unsate for boating {in that orc2e).

7 o bv AEJDC from Environmentas Dara Service gata,
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Detailed Weather Conditions

Tne getailed weather information in Figure 38 is particular-
v useful for community planning, £ngineers need 10 xnow ne
mzximum amount of grecipitation that couid occur curing &
soecific rime period to design an adeguale crzinage sysie
Sudgeting ior snow removal from city streets, highways, anc
2iroors recuires knowiedge of Dotn average and extreme SNOw-
fell amounts as well as now often it is likelv To snow each winter,
Tne water equivaient of snow on ine ground tan be aooiiec in
‘lood forecasting. Accurate snow depth measurements are com:
dircated bv aorifting. Sven taking several samoies ano averaging
them does not procuce a value that can be appliec & snom
Zistance away, 50 the dala on snow g2cth must 2e usaa
cautiously,

Obstructions to vision, conditions that reduce visibility 1o
six miles or fess, are another planning consideration. The data
shows fog as the most common gbstruction in summer ang olow-
ing snow as the most frequent obstruction in midwinter at most
iocations. Data on heavy fog, oefined as a reduction of visi-
oiliity 0 one-quarter mile or tess, are presented for Koizeobue,
INormne. and Unalakleet. The seasonal trend for heavy fog is simi-
lar for all three locations. Smoke and haze oresent significant
proolems when forest fires occur in the Kobuk valley.

Average annual sky conditions differ slightly among the six
stations shown’ in Figure 36. All have the least cloudiness in

inter and the most in late summer. Northeast Cape and Tin
Cliy, the locations more exposed to cceanic influerces. tend
0 have more cloudiness than Unalakleet and Kotzebue.

W
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The effects of wind are c.eariy gistlaye:
these ohotos of Northeast Caoe,

Too: Extremerv fine wate drooslets
exist at temperatures below fregzing nave
blown against the building. zimost cowe
it with rime 1ce. In the forecrounc, the v
blowing from ieft 10 right nas sculotec
snow, feaving miniature drifis on tne feev
side of harg-crusted areas of snow orotrur
above its normal level.

Cenrter: The wind direction is into ine pict
The loose snow nas been biown away, lez
the sculptured aopearance. The buildud on
tower, building, and cabie is 2:tner rime ic
heavy wet snow.

Bottom: Winds on the Bering Sirait coas:
snow in Odeep orifts around ctuiidings. in
area near Wales, wnich averages only adou:
inches of snow a year. snosw.crifts weti ¢
six feet Qeep ave adjacent 10 groungd s
clear of snow by the wing.
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and after melting, leaves behind irregular mounds or ridges of
sediments extending along the beach as much as several miles.
Some of those with ice cores may originally be up to six feet
high but shrink to two feet when the core melts. Others have
been observed up to five feet high with no ice cores.

Deposits are often destroyed by the first storm waves. (o
some cases they persist by being pushed above the normal
reach of waves, by growth of the beach, or because close pack
ice retards wave erosion. Deposition from ice push probably
never amounts to more than 10 percent of the sediments above
sea level, generally ranging between 1 and 2 percent. lce carries
sediments and drops them when it melts, possibly accounting
for up to 3 percent of the deposition near shore.

Though not quantitatively significant, sand and pebbles up
1o 0.4 inches long have been observed floating freely in the sea.
Only flat, tabular particles float; spherical particles sink. The
floating particles commonly gather in patches or rafts, although
they aiso float singly. Surface tension has been described as the
mechanism of floating. At most, only 20 to 25 pounds of
material per hour has been observed passing any given point.

Applied Geology

Geologic maps serve as a basis for describing the origin,
age, and physical character of earth materials; they aiso can
show the application of geologic knowledge to man’s use of the
land. Applied geology maps are designed to show many differ-
ent land characteristics, such as type and distribution of foun-
dation material, gravel resources, mineral resources, and loca-
tion of potential energy sources. The applied geology chan
(Figure 70 ), when used in conjunction with the geologic map
(Figure 65), reflects the basic engineering characteristics of
each geologic unit. It can serve as a guide to planners and de
veiopers as to what types of problems to expect and what
types of investigations should be carried out to insure safe
and economical development

The chart or the geologic map is not intended to serve as
a source for estimating reserves or detailing the precise uses for
which particular deposits are most suited. More detailed site
investigations, such as are found in studies done by LaBelle
(1973, 1974), Davidson, Roy and Associates (1959), and
Lounsbury and Associates (1973), are required. The chart and
map serve primarily as guides so planners can determine which
areas deserve further consideration and study.

Special Geologic Conditions Affecting the Arctic Region

Permafrost and erosion are primary geologic phenormena to
be considered in the development of the Arctic Region. Their
effects have far-reaching impact on man’s occupancy and use of
land. Earthquakes and volcanism are insignificant processes in
the Arctic Region.

Figure 71 shows the seismic zones of Alaska as interpret-
ed by the U.S. Army Corps of Engineers. The only seismic
activity reported in the Arctic between 1955 and 1964 oc-
curred in the Chukchi Sea, where four earthquakes with a
magnitude greater than 6.0 were recorded.

Figure 70  Generalized Engineering Characteristics of Surficial

Qa

Qm-

e

ep

- Sand and gravel se-graine

Deposits

d o

Good foundation material

Relatively easy 10 excavate

Generally well-drained

Source of sand and gravel for construction
Not frost susceptibie

Mixed coarse- and fine-grained deposits~Till

Generally high in silt content, especially near surface

Generally poor foundation material, except where locally high in
gravel and sand content

Poorly drained

High in ice content, especidlly in silts

Often becomnes unstable if thawed; may cause differential sertlement
of foundations

Difficult to excavate

Frost susceptible

Sand divm-grained &
Fair 1o good foundation material
Relatively easy 10 excavate
Generally well-drained

Source of sand for construction
Not serigusly frost susceotible

Silt and Clay—~fine-grained deposits

Generaily poor foundation material

if thin, it can be removed or filled over prior to construction

Poorly drained

Unstable during earthquakes; may cause landslides along bluffs or
differential settlement.

High ice/water content

Will become unstable if thawed: may cause differential settiement of
foundations

Generalty poor fill material

Frost susceptible

Peat—orgenic surface material

Poor foundation material

Poorly grained

Commonty removed or filled over priof to construction
Contains high percentage of ice/water

Bedrock

Generally suitable for foundations

Somewhat difficult to excavate

Hard and resistant but commoaly fractured

Generally steep slopes in mountains make development difficult
Can be quarried and crushed for construction material

Figure 71
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A lump of frozen gravel from below tho permafrost
table compared 10 unfrozen gravel.

Permatrost is any earth material, such as soil or bedrock,
that has remained below 32 degrees F (O degrees C) at least
from one winter through the next. This is the minimum
duration of permafrost; much has been in existence for tens of
thousands of years.

Permanently frozen ground prevails throughout most of
Alaska, ranging from less than a foot in depth at the southern
margin to 1,300 feer at Barrow and 2,000 feet at Prudhoe Bay
(Figure 72 ). Local variations in thickness, areal extent, and
permafrost temperature depend on differing thermal properties
of earth materials and on local differences in climate, topo-
graphy, vegetation, geology, hydrology, and rate of heat flow
within the earth. tn many places these local variations mask the
regional southward decrease in areal extent and thickness and
southward increase in permafrost temperatures. Areas around
large water bodies and thermal springs are generally free of
permafrost because of increased amounts of heat flow in the
ground. The shape of the permafrost and subpermafrost tables
reflect the presence of these features and large-scale surface
topography {Figure 73 ).

The permafrost table is the upper boundary of perma-
nently frozen ground. The area above it is called the supra-
permafrost layer. The active layer is that part of the supra-
permafrost zone that freezes in winter and thaws in summer.
When winter freezing does not extend alt the way down to the
permafrost table, an unfrozen layer remains between the
permafrost and the frozen active layer. Such unfrozen ground
surrounded by frozen ground is known as talik (Figure 74 ).
Groundwater trapped in taliks may be stored under areat
hydrostatic pressure. |f disturbed, springs may burst to the
ground surface and freeze, producing a thick and often wide-
spread ice sheet or ice mound called aufe/s. This process is
known as icing. Since water deposits tend 10 reduce tempera-
ture fluctuations from season to season, thawing usually
reaches deeper in drier materials. Permafrost thickness is
aggrading as it thickens and degrading as it thins.

: .

Robert Lawalin

Shading and insulation of the ground surface favor the
formation and continuation of permafrost which in twm
influences vegetative types, engineering structures, and ground-
water resources. Permafrost limits the rooting depths of plants,
prevents infiltration of water downward through surficial mate-
rials, and forces surface runoff. Surface drainage often ac-
cumulates in depressions where peaty materials form, creating a
continuously wet environment which promotes marsh and
twndra development. This vegetative blanket insulates and
preserves the permafrost layer, increasing its freezing depth.
Disruption of the vegetative cover destroys the fragile thermal
balance of the underlying permafrost resuiting in thaw, sub-
sidence, and erosion. Snow cover also limits heat transfer be-
tween the air and ground which affects permafrost distribution.

In the Arctic permafrost temperatures reflect seasonal
variations to a depth of approximately 70 to 100 feet. Below
that depth permafrost is at its coldest, warming gradually
thereafter with depth until it passes’' 32 degrees F (O degrees C),
indicating the subpermafrost boundary (Figure 75 }. Ground
ice is up to nearly 80 percent of the volume of the upper 10
10 15 feet of the ground (Figure 76 ).

Several types of geomorphic features are produced by
permafrost and frost action.

Thermokarst Topography

Thermokarst topography consists of mounds, sink holes,
tunnels, caverns, short ravines, lake basins, and circular low-
lands. Local melting of ground ice and the subsequent settiing
of the ground creates this uneven topography, so it is most
common where massive ice formations such as ice wedges and
thick segregated ice exist. Melting can result from the distur-
bance or removal of vegetation or by a warming trend in
climate. Even small disturbances, such as a vehicle driven across
the tundra, can create thermokarst features.
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Engineering Considerations

The widespread occurrence of permafrost requires special
engineering considerations for the design, construction, and
maintenance of structures and facilities. Permafrost degradation
5 primarily related to the insulation qualities of the surface
layers and the ice content of the frozen ground beneath.
Sensitivity is great in the north, where the surface organic layer
is thinnest and soil ice content is highest.

The engineering limitations associated with permafrost are Lack of sufficient insutation below this utilities
not the same for rock type or sediment. Frozen bedrock with building at Barrow allowed heat trom the structure
ice in its crevices will present few, if any, construction or to thaw the permafrost below. Slumping resulted
maintenance problems. Well-drained, coarse sediments such as in severe damage 1o the structure.
gravel, may contain little or no ice, even though they are
frozen. Here again, few, if any problems occur. Although saline
water in sediments may be below 32 degrees F (0 degrees C), it
may remain liquid because of its lower freezing point.

Major engineering problems arise when permafrost occurs
in poorly drained, fine-grained sediments. These sediments con-
tain large amounts of ice. Disruption of these deposits resuits
in a change in the thermal balance which causes the ice to melt
{Figure 77 ). Thawing produces excessive wetting and plasticity
which makes the sediments unstable. This results in icings, frost
heaves, slumping and subsidence of the ground surface, and in
many cases, the sediments flow laterally or downslope. During
winter the active layer freezes downward from the ground
surface to the permafrost table. in fine-grained materials espe-
cially, the formation and resulting expansion of ice causes frost
heaving. Thawing of permafrost and cycles of freezing and
thawing in the active layer causes extensive damage to high-
wavs, railroads, airstrips, and other facilities. Computer models
are being used to predict the interaction of permafrost and
man-made structures. This may reduce construction and main-
tenance costs.

Aobert Lewellen

Figure 77 Thaw-Slumping in Permafrost Below a Heated Buiiding

SR
Heat used to warm the interior of o structure inndequately in. !
sulated from permafrost thaws the underlying permafrost and
leads to the subsidence of the ground and the eventual collapse
of the building. To keep permafrost from thawing, structures
must be built in 2 manner that prevents heat transfer to the
frocen ground. This is gencrally accomplished by building
struclures off the ground on footings or pilings and making
sure that the surface peat insulating cover is not removed. )

==
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Figure 78

The best approach 1o construction in the Arctic is 10 pre-
serve the permafrost by enhancing the natural insulative cover
to prevent thawing of frozen sediments. Roads and airfields
must be built on insulated basernents that are thick enough
to limit thawing of the underlying frozen ground (Figure 78 ).
Structures must either be built on similar gravel pads or foot-
ings or be raised on pilings that allow air circulation beneath
the structure. Self-refrigerated pilings are now being used
at some locations to maintain frozen ground temperatures
(Long 1973).

Gas, oil, and power utilities must either be raised on
elevated utilidors, laid upon gravel basements, or buried and
insulated enough 10 prevent thawing and degradation of perma.
frost.

Gravel is in short supply in much of the Arctic, and
even in areas of plentiful supply, remova! can cause damage
to the land. Experiments with artificial fill materials such
as wood, styrofoam, sulfur foams, and the new rigid and
flexible polyurethane foams, used in conjunction with gravel
to form insulating basements and pads, have proved to be
satisfactory in many instances.

Effect of Gravel Fill Upon Permafrost Thermal Regime

Geology

I e

Ouring the late 1940s or early 1950s a wrail was  C. 0. Evans, U.S. Fish
bladed east of the Colville delta in winter. Numerous and Wildlife Service
summer thaws since then have slumped and flooded

the trail so badly that it has formed a stream,

draining several tundra lakes in its path,

An example of a clean, properly constructed oil drill- Joteph C. LaBelle,
ing pad, located near the mouth of the Itkillik River. AEIDC
A thick gravet pad and runway complex prevented
permafrost degradation during drilling operations.

Rolligon tracks on the tundra near Cape Simpson.
Driving venicies on the tundra in summer oftes
results in destruction of the snsulating vegetative
cover. Permatrost below car then me!t, flooding
the 1rack.
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Top left: Gravel roadbeds of sufficient thickness
wiil prevent permafrost tnaw. If rthe bed is too
tnin, as seen here at an o1 pad west of Sagwon,
.ce wedges meit beneath the road. resulting in
siumping and flooding.

Top right:  Gravel roag near Prudhoe Bav is
ioout three to four feet tn:ck, enough to prevent
osermairost thaw siumping.

Center feft: Raising gas utihcors above the ground,
as here at the Navai Arctic Research Laboratory near
2arrow, avoids difficult excavation in frozen ground
&nd prevents permafrost degraagation.

Center right: Stee! mesh over thick gravel runwavs,
s used at the Naval Arctic Research Laboratory near
Barrow, provides the surface strength necessary for
neavy aircratt tratfic.

Sottom: lInstalling pilings in permairost near Prud-
aoe Bay. Raising buildings on piles allows air cir-
2lanion bepeatn the buliding, prevenung perma-
irost thaw.

Hobort Lewelton

Robert Lowslien

T3t

Joseph C. LaBelle, AEIDC

Robert Lewetien
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Water

Floods

Extensive severe flooding, especially in the larger stream
channels, occurs during spring breakup between May and early
July. lce jams increase the height of the floodwater, especially
in downstream reaches. When spring flow begins, it overfiows
the massive ice that is still frozen to the channe! bed. Flooding
extends for considerable distances, often up to several miles on
each side of the stream (Figure 87 ). Flooding subsides as the
ice is released from the stream bed and carried downstream and
out to sea. Often, large blocks of ice are left stranded on
beaches and bars where they quickly melt and disappear,

Tundra flooding is common during the snowmelt season.
Because of the extremely flat terrain, drainage is siow and
sluggish. Melting snow often pools temporarily behind unmelt-
ed snow berms, hardpacked winter snow roads, and other
minor obstructions. Local flooding, especially bothersome in
populated areas, occurs until snowmelt is complete and the
waters can drain away.

Intense, long periods of rainfall can cause general flooding
and swolien streams. This is not a normal yearly occurrence
because of low precipitation in the Arctic, however, floods
from August rains have been extensive, perhaps once every 15

Snowmelt tlooding in the village of Barrow.

to 20 years. In winter, flooding is locally caused by the growth
of large icings that cover some river floodplains to heights that
often exceed open channel flood stages.

During late fall, storm surges often cause significant flood-
ing and damage along coastal areas. At that time, ice may be
far enough offshore to allow northwest winds a long fetch of
open sea. The winds can develop high waves and a storm surge
tide that inundate coastal areas. A storm of this type occurred
in October 1963; the worst in Eskimo memory and considered
a once in two hundred years occurrence. Extensive flooding
and damage were sustained at the village of Barrow and the
Naval Arctic Research Laboratory.

Beach erosion, most extensive during coastal storms but
known to be a continual process, often is responsible for local
flooding of coastal communities and installations. Studies have
shown this process to be accelerated by removal of beach
gravel for local construction.

Several alternatives are available to assist in flood protec-
tion and prevention, including construction of levees and bank
stabilization. Stream overflow is apparently not a significant
problem at present because no communities are built within
stream flood areas. As most villages depend on the sea for their
economic base, development away from the coast is not
an alternative, especially in the west arctic subregion. Local
protection works appear to be the major means to stop beach
erosion and storm flooding.
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Colvine River during breakuo flooding.

Auno™ reacnes a neak just after breakuo in June and
receges To lower flow tnrouanout the rest of the
summes. Colville Ruver.
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The overall economy of the Arctic Region is a com- Employment, Work Force, and Unemployment

Economy bination of monetary, barter, and subsistence factors. Parti- The remote, sparsely populated Arctic Region accounted
cularly since the post wer period of exploration on Naval for only 1.2 percent of the state’s workforce in 1973, based
Petroleum Reserve No. 4 {Pet 4), the indigenous people of on a count of workers by place of employment, and for a
the region have participated more in an evolving cash economy. .9 percent of the state’s labor force, which represents a count
The harvest of fish and wildlife has continued to be extremely of workers by place of residence for the same year (Fig
important (Figure 134). Evidence indicates that in some ure 139 ). Seasonality of work is reflected in the employment
localities this take has actually increased over the post war figures. In the northernmost area, severe winter weather
period. Despite subsistence harvest levels and an increasing curtails most outdoor activity (Figure 135 ). This situation may
monetary economy, the Arctic Region remains depressed. This be altered somewhat with oil pipeline activity continuing
is refliected in the region’s share of state 10tal gross receipts as throughout even the coldest winter maonths.

shown in Figure 137 for 1972. More recent data is unavailable,
but will doubtless show an increase since the renewa! of Prudhoe
Bay oil field and pipeline development and production activities.
Employment figures will also reflect this situation.

Figure 134 Average Annual Estimates of Subsistence Harvest Based on 1969-1973 Data—Arctic Region

5 1 (in pounds) N Per Capita
Community Population Mammals Wiidfowt Fish Total Harvest
Anakwvuk Pass 97 156,555 540 3,950 161,045 1,660
Barrow 1,901 1.284,550 7.600 61,550 1,353,700 7
Kaktovik 107 91,500 2,300 15,000 109,300 1,012
Point Hope 369 537,600 19.300 40,000 596,900 1,618
Wainwright 308 469,455 1,200 2,840 473,495 1,542

(1) Figures represent Exkimo populstion in 1970,
Source: Joimt Feders-Stats Land Usa Planning Commimion for Alaska, 1974,

Figure 135 Climatic Effects on Resource Development and Transportation
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f Services

Barrow

Satu of Alaskd, Division of Toue

Transportation

Transportation modes into and within the Arctic Region are
perhaps the most underdeveloped in the nation. The residents
depend almost exclusively on air transport for intervitlage and
interregional passenger and freight movement but only a few
communities are served by scheduled airlines (Figure 160 }. A
system of historic winter trails exists, but is only used occa-
sionaliy today. Roads are nonexistent except for the recently
completed Fairbanks to Prudhoe Bay service road and roads
within villages and the Prudhoe Bay development complex
(Figure 162).

The new ang the old way to travel in the Arctic.

R

189

Services

i fhd O
Courtusy of ARCQ
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Figure 161 Distances in Miles Between Selected Communities on the Alaska Highway System
> H
1 £
] H s N
3 = £ : & g H =
F A A I T B T T - :
< < 5] Q w w (=] = I = - [ o o & 3 ~ >
Ataska Boundary a 463 201 242 298 232 364 205 648 380 373 274 469 716 550 93 347
Anchorage a1 523 340 503 358 189 785 626 227 440 40 259 48 836 123 328 304
Circle 463 523 262 545 165 413 827 668 750 223 483 343 577 643 §52 370 528
Delta Junction 201 340 262 283 87 151 565 406 567 179 292 81 388 575 469 108 266
Eagle 242 503 545 283 380 314 606 447 730 462 455 356 551 858 632 175 429
Fairbanks 298 3B 165 97 380 248 662 S03 585 82 389 178 406 478 487 205 363
Glennallen 232 1188 413 151 314 248 596 437 416 330 4 70 237 726 318 139 115
Haines 364 785 827 565 606 662 596 189 1012 744 737 638 833 1140 914 457 711
Maines Jet., Yukon 205 626 66B 406 447 503 437 159 853 585 578 479 674 981 755 288 552
Horner 648 227 750 567 730 585 416 1012 853 667 267 486 179 1063 172 555 531
Livengood 380 440 223 179 462 82 330 744 585 667 400 260 488 S60 569 287 445
Palmer 373 40 483 292 455 389 41 737 578 267 400 n 88 867 169 280 256
Paxson 274 259 343 2] 36 178 70 638 479 486 260 M 307 656 388 181 185
Portage 469 48 Exal 388 551 406 237 B33 674 179 488 8s 307 8g4 81 376 352
*Prudhoe Bay 776 836 643 575 858 478 726 1140 981 1063 S60 87 656 B84 965 6331 841
Sewarg 550 129 652 469 632 487 318 914 755 172 569 163 388 81 965 457 433
Tok 93 328 370 108 175 205 139 457 298 555 287 280 181 376 g3 457 254
Valdez 347 304 528 266 429 363 M5 M 552 531 445 256 185 352 g4y 433 254
*Presently used only for trans-Alaska pipeline construction traffic. Not open to public use,
Adapted from State of Alaska, Depsrtment of Highways.
Figure 162 Existing Transportation System
)
[
oo, .
I~ S,
=—m— ARCTIC WEGIONAL BOUNDARY
——- TRANS ALZSHA MPELINE SERVICE ROAD
—— MIGHWAY SYSTEW
- “)  STATL MIGmwaY NUMBERS
ALASKA RAILADAD
s MARINE MIGHWAY SYSTEM (FEPRY AQUTES)
i ——— U.5 BUREAU OF INDIAN AFFAIRS — M/V NOHATW
‘ STAR CAAGO SHIP iviops 8l vorress ports o remded)
P -
/f Qomr
( laiteros WSrarung Longing

R Yo

o NS, = C
e N P2 aCargore \\.\_"! .
¢ AN
~.
¢ Yakut N
r . L

° ‘5. \>

o

°

[Kedion

Fc C S o4,

pac!

®Shemya o
4Le s
UT oan 1S LAND °

/
' Ana
ot T Low o ° h
PN o I N~ o J
Appendix B
Page 26 of 26

Dervices 121




